Coherence is one of the fundamental characteristics of a light beam and has played an important role in understanding and tailoring light-matter interactions. 1, 2 There is then a small wonder that engineering light coherence properties has received much attention to date motivated by such diverse applications as high-resolution imaging, coherence holography, optical trapping, optical free-space communications, soliton intensity and polarization engineering, and secondharmonic generation. [3] [4] [5] [6] [7] [8] [9] [10] [11] Further, recently developed representations of partially coherent light sources, including Gori's non-negative definiteness criterion, 12, 13 independent elementary source decomposition, 14 and complex Gaussian representation, 15 have led to the discovery and examination of a plethora of partially coherent beams generated by such sources. Some of the discovered beams with appropriately engineered spatial coherence exhibit nontrivial propagation features such as self-splitting, self-focusing, and self-shaping effects as well as periodicity reciprocity. [16] [17] [18] [19] [20] [21] Experimental methods for generation of partially coherent beams with different kinds of correlation functions have been lately advanced. [22] [23] [24] On the other hand, it is well-known that optical lattices have important applications in laser cooling and trapping of neutral atoms, lattice light-sheet microscopy, sorting microscopic particles, and photonic crystals engineering. [25] [26] [27] [28] Various kinds of optical lattices including periodic intensity, polarization, and phase distribution have been recently theoretically predicted and experimentally realized. [29] [30] [31] [32] Lately, an altogether different kind of optical lattice, optical coherence lattices which refer to the sources having periodic coherence properties, has been theoretically introduced 33 and its free-space propagation properties have been examined in detail. 21 It was found that the coherence lattices may have promising applications to robust free-space optical communications. However, no experimental results relating to optical coherence lattice generation have been reported in the literature. In this letter, we propose and experimentally demonstrate a method to generate coherence lattices through the synthesis of multiple partially coherent Schell-model (PCSM) beams. We also experimentally determine the lobe distribution of generated coherence lattices. Furthermore, we show that optical coherence lattices can carry information which can be recovered through measuring their degree of coherence.
We start by considering a generic partially coherent Schell-model (PCSM) beam with the cross-spectral density expressed as
where IðrÞ is the intensity distribution at the point r. lðr 1 À r 2 Þ is the complex degree of coherence which can be written as
where r d ¼ r 1 À r 2 and u is its phase profile. We consider a generic superposition of multiple Schellmodel beams with the cross-spectral density
and the corresponding degree of coherence given by
In Eqs. (3) and (4), M is a number of Schell-model beams and I ðmÞ ðrÞ and l ðmÞ ðr d Þ are the intensity and degree of coherence distributions of the mth PCSM beam, respectively.
Hereafter, we restrict ourselves to a particular case of M identically distributed in intensity Schell-model constituents such that the compound beam degree of coherence can be simplified as a)
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The degree of coherence can be expressed as
where p s ðvÞ is a non-negative function. Here, p s ðvÞ is a superposition of M different p ðmÞ ðvÞ
Consider now p ðmÞ ðvÞ in the form
where V 0m ¼ ðV 0xm ; V 0ym Þ and a are the off-axis displacements and the radius of the circle functions. Substituting from Eqs. (7) and (8) into Eq. (6), we obtain the expression for the compound beam degree of coherence as
In Fig. 1 , we present density plots of p s ðvÞ and the lattice degree of coherence magnitude for different M and V 0m . In our calculations, we took the radius a ¼ 0:1 mm and assumed the adjacent circles to be equidistant with the separation d ¼ 10 mm. We can infer from Fig. 1 that the generated beam coherence distribution gradually becomes lattices-like and progresses in its complexity as the magnitude of M increases.
It can be seen in Fig. 1 
information about the image. This information can be recovered by measuring the lattice degree of coherence. Figure 2 illustrates recovering the information concealed in optical coherence lattices. As shown in Fig.  2(a) , p s ðvÞ is composed of seven circle functions which make up an image "H," and the corresponding lattice degree of coherence magnitude and phase are shown in Figs. 2 Fig. 2(d) ).
We carried out experiments to confirm our numerical results. Our experimental setup for hiding image in the coherence lattices and measurement of coherence lattices is depicted in Fig. 3 . A fully coherent He-Ne laser beam of wavelength k ¼ 632:8 nm is spatially filtered and collimated by a spatial filter assembly (SF) and a thin lens L 1 with the focal length f 1 ¼ 100 mm. The collimated beam then goes to an amplitude mask (AM) which is used to modulate the intensity distribution of the fully coherent collimated beam. The shaped coherent beam from the AM illuminates a rotating ground glass disc (RGGD) producing an incoherent beam whose intensity distribution is the same as that of the shaped coherent beam. It should be noted that the output beam from the RGGD can be regarded as incoherent provided the diameter of the beam spot on the RGGD is much greater than the inhomogeneity scale of the RGGD 1 which is satisfied in our experiment. The motion controller (MC) is used to control the rotating speed of the RGGD which is set to 3000 r/min in our experiment. The output beam from the RGGD is collimated by a lens L 2 with the focal length f 2 ¼ 250 mm onto a CCD camera. The complex degree of coherence of the beam detected by the camera can be expressed as 
where IðvÞ is the normalized intensity distribution of the incoherent beam at the RGGD. IðvÞ is modulated by the amplitude mask (AM), and in our experiment IðvÞ is a superposition of circle functions such that
where r 0 is the radius of each circle and v 0m are the off-axis displacements of the individual circles. Substituting from Eq. (11) into Eq. (10), we obtain, after integration, the expression for the degree of coherence of the generated partially coherent beam as
By comparing Eq. (12) with Eq. (9), we find that the lattice degree of coherence in our experiment has the same form as our theoretical lattice degree of coherence (i.e., Eq. (9) Figure 4 shows the intensity distribution of the beam spots with different M at the RGGD, the radius of each circle r 0 ¼ 0:25 mm and the adjacent circles are equidistant with the separation d ¼ 3 mm. For the case of M ! 3, the beam spots at the RGGD are located at regular polygon vertices. The incoherent beam intensity distributions will lead to linear phase shifts in the complex degree of coherence, giving rise to a lattice structure of the generated beam coherence distribution illustrated in Fig. 5 .
In fact, the intensity distribution of the beam spots at the RGGD is the image with information and it is now hidden in the coherence lattices. In order to recover the information of the image, we need to measure the lattice degree of coherence magnitude and phase distribution. We now turn to the experimental determination of the second-order lattice degree of coherence. As shown in Fig. 3 , a generated optical coherence lattice arrives at the CCD camera which records an instantaneous intensity of the lattice. Thus, the instantaneous intensity correlations can be inferred using a PC. Such intensity-intensity correlations determine the normalized fourth-order correlation function of the lattice, defined as
here Iðr; tÞ denotes the instantaneous intensity at point r, and h i denotes the ensemble average. According to the Gaussian moment theorem, 1 the fourth-order correlation function can be expanded in terms of the complex degree of coherence as
In our experiment, the integration time of the CCD is 20 ms and the frame rate is 30 FPS. The CCD records 3000 pictures in total, and each picture denotes the realization of the beam cross section. Each realization can be represented by a matrix I ðnÞ ðx; yÞ with x and y being pixel spatial coordinates. Here, n denotes each realization and ranges from 1 to 3000. The degree of coherence magnitude is then obtained as 
here, Iðx; yÞ and Ið0; 0Þ denote the average intensity of all realizations and the average intensity at the central point, respectively. Figure 5 shows the experimental results for the lattice degree of coherence distribution for different M. The experimental results in Fig. 5 clearly show that the degree of coherence distribution becomes lattice-like and it progressively increases in complexity as M increases. In summary, we have presented a method for generating recently introduced optical coherence lattices. Our approach makes use of a synthesis of multiple partially coherent Schell-model beams. We have discussed that the feasibility of the optical coherence lattices can carry information and we have studied that the information can be recovered from the distribution of lattices degree of coherence. We have also experimentally realized the information hidden in the coherence lattices and determined the degree of coherence of the generated lattices. Our method furnishes a simple and efficient experimental technique to produce optical coherence lattices carrying information, which will be useful in image transmission, robust free-space optical communications, and optical encryption.
